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Abstract 
The soybean is one import font of vegetable protein, that contains whole the essential amino acids to the human 
organism. The enzymatic process is a alternative for the protein extraction and offer advantages. In this work, two 
commercial proteases, Alcalase and Flavourzyme, are used to extract protein from toasted and not toasted degreased 
soybean meal. The tests (duplicate) are carried out in 40ºC, initial pH of 7,0, enzyme concentration of 1% 
(protein/protein) and times from 1 up to 24 hours. At the end of the hydrolysis the suspension pH is measured and 
again corrected for 7,0. 
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1. Introduction 
The soy, one of the most important cultivated oleaginous, is original of the East Asia from where it 
spread to the whole world. During centuries, its cultivation stayed restricted just to the oriental countries, 
where the grains were used in the preparation of large variety of fresh, fermented and dry foods. Only 
after to Second World War, efforts were done in order to become the soy recognized as food by the 
western culture, because of a growing concern with the world shortage of proteins [2]. 
Now the consumption of products soy has been increasing significantly, due to the announced benefits 
to the nutrition and the health. New soy foods are continually being developed and the soybean proteins 
are valued for their nutritional quality and functional properties. They are used in foods in a variety of 
forms, including infant formulas, flours, protein isolates and concentrates, and textured fibers (used as 
meat substitutes). 
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The soybean meal has been considered a possible substitute of other grains in the human nutrition, due 
to its readiness as by-product of the oil industry. However, the nutritional value of soybean meal is limited 
by the presence of antinutritional factors, as trypsin inhibitors, which negatively affect protein digestion 
[3]. 
The traditional methods of processing used to isolate the soy protein and eliminated antinutritional 
factors can, however, to affect the retention of bioactives and medicinal natural components that aid in the 
treatment of diseases. Besides, they are expensive, they present losses of protein of the order of 25% and 
the products can contain impurities that harm its functional and nutritionals qualities. 
New methodologies that would permit the protein production by processes more economic and that 
would preserve its functional properties started to be researched from middles of the 90’s. It can make an 
appointment to the thermal treatments applied to the soybean meal and the use of enzymes, both, seeking 
mainly, the removal of antinutritionals factors and the increase of the readiness of nutrients. 
So, this work has for objective to compare the extraction of the protein with commercial enzymes of 
toasted and not toasted degreased soybean meal. 
According to Marsman [3], heat treatments such as toasting and extrusion are frequently used to 
improve the nutritional value of soybean meal. Heat-labile antinutritional factors are effectively 
inactivated and proteins are denatured to a certain extent, which makes them more susceptible to 
enzymatic hydrolysis. Besides, the use of feed enzymes can also take to a final product with greater 
commercial value. 
Protein digestibility of soybean meals by enzymes in vitro has been shown dependent of thermal 
processing conditions. Depending on temperature and humidity conditions during heat treatment, the 
components of the soybean matrix may interact, resulting in a reduced enzymatic degradability and 
extractability of the proteins. Generally, the effects of heat treatment on solubility and the proteolytic 
degradation of pure soy proteins, concentrates, and isolates are well described in the literature, but, less 
work has been published covering the effects of heat treatment and subsequent enzymatic proteolysis of 
soybean meal protein [4].  
2. Materials and Methods 
2.1. Materials
Two types of degreased soybean meal were used in the experiments: toasted and not toasted (white). 
Both were coming from the industry of oil extraction of Cocamar of Maringá. The enzymes used were the 
commercial proteases Alcalase and Flavourzyme, both were supplied by Novozymes. All the others 
reagents used were of analytic degree. 
2.2. Methods 
Enzymatic hydrolysis of soybean meal: Ten grams of soybean meal were added to 100 mL of distilled 
water, in the presence of phosphate buffer. The pH of the suspension was corrected to 7.0 with NaOH 1.0 
mol/L, and one hour was awaited for its stabilization in the case of the toasted, and two hours, in the case 
of the not toasted soybean meal. The experiments were carried out at 40ºC, 100 rpm, enzyme 
concentration was of 1% (protein/protein) and accompanied along 24 hours. At the end of the hydrolysis, 
the pH of the suspension was measured and, again corrected to 7.0. The amount of extracted protein was 
determined by the method of Bradford [1], before the addition of the enzyme and one hour after the final 
correction of the pH. 
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3. Results and Discussion 
The functional properties increase the importance of the alimentary proteins, complementing its well-
known nutritional value. They are defined as the properties physical-chemistries that govern its 
performance and behaviour in food systems, during its preparation, storage and consumption. They are 
influenced by the nature and extension of the interactions of the proteins with themselves, with other 
components and with the water. 
The solubility is a functional property sometimes difficult to obtain, but perhaps it is the one that more 
improves the functionality of a protein. The soy contains great amount of proteins, however, about of 90% 
of the soy proteins are globulins, with minimum solubility around the pH 4.5. It makes necessary, 
therefore, to accompany the pH of the suspensions, in the different times of hydrolysis, to certify that the 
soy protein is in its soluble form, that is to say, that the pH is greater than 5.0. 
The pH values, measured before and at the end of the hydrolysis of suspensions at 10% of toasted and 
not toasted soybean meal, in the several times, are presented in the Figures 1 to 3. The rehearsals were 
carried out in agreement with the methodology previously presented. 
It was observed for the not toasted soybean meal that, in the cases of the left side of Figures 1, 2 and 3, 
the pH of the suspension stayed in values between 7.0 and 6.5 up to six hours of hydrolysis. At seven 
hours it dropped for values below 6.0, and for larger times, it decreased to values about of 4.5, that 
correspond to the isoeletric point of the soy protein. In the toasted soybean meal, right side of Figures 1, 2 
and 3, it was observed that the pH of the suspension stays constant about of 6.0, up to seven hours of 
hydrolysis, dropping slightly in eight hours and, for longer times, it decreased more, being reached values 
about of 5.0. That means that for hydrolysis times higher than 8 hours, in the case of the not toasted 
soybean meal, and 9 hours for the toasted soybean meal, most of the protein is in the precipitate and not in 
its soluble form. 
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Fig. 1. Left side: pH values obtained for the control, for the not toasted soybean meal, incubated for 40ºC, 100 rpm, along 24 hours. 
Right side: pH values obtained for the control, fot the toasted soybean meal, incubated for 40ºC, 100 rpm, along 24 hours 
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Fig. 2. Left side: pH values obtained for the not toasted soybean meal, incubated with Alcalase for 40ºC, 100 rpm, along 24 hours. 
Right side: pH values obtained for the toasted soybean meal, incubated with Alcalase for 40ºC, 100 rpm, along 24 hours 
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Fig. 3. Left side: pH values obtained for the not toasted soybean meal, incubated with Flavourzyme for 40ºC, 100 rpm, along 24 
hours. Right side: pH values obtained for the toasted soybean meal, incubated with Flavourzyme for 40ºC, 100 rpm, along 24 hours.
These values are in agreement with the observed in literature [5], that in the hydrolysis of not toasted 
soy flour at 50ºC and initial pH of 6.5, they mentioned that, in the first hours, the pH values decreased to 
6.0, staying constant, except for 15 and 20 hours of hydrolysis, where the value 5.0 was registered. 
In Table 1 are presented the amounts of soluble protein extracted during the time of hydrolysis 
(average of three determinations). This amount was calculated by the difference between the extracted 
amount by the water, before the addition of the enzyme, and after the final pH correction. The results of 
Table 1, of the amounts of soluble protein extracted during the time of hydrolysis, are presented in graphic 
form in the Figure 4 to not toasted soybean meal, and to in the Figure 5 toasted soybean meal. 
Regarding the extraction of proteins, it was noted, for the not toasted soybean meal, that the enzymes 
didn't increase the extracted amount for the water. The maximum amount of extracted protein in the 
hydrolysis was of 2 g/100mL of suspension, for the control in 2 hours. That corresponds to a total amount 
of protein solubilized about of 3 g/100mL, meaning that 60 to 75% of the protein initially present in the 
meal was solubilized. 
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Table 1. Soluble protein – Not toasted and toasted soybean meal 
Not Toasted soybean meal Toasted soybean meal 
Time (h) 
Control Alcalase Flavourzyme Control Alcalase Flavourzyme 
1 1.6889 1.7116 1.6797 1.0010 1.3012 1.1098 
2 1.9838 1.7125 2.0249 1.2789 1.4915 1.5898 
3 1.8827 1.6331 1.8600 1.5516 2.0629 2.0023 
4 1.8956 1.6585 1.7324 1.3116 1.7071 1.7913 
5 1.4939 1.5273 1.4345 1.0142 1.5061 1.3525 
6 1.4255 1.1297 1.3298 1.3178 1.7330 1.6597 
7 0.7621 0.5486 0.9711 1.5648 2.0359 1.6828 
8 1.4050 0.6504 1.1978 1.8125 2.2427 1.7901 
9 1.0903 0.8171 0.6189 1.1244 1.3558 1.3057 
12 0.4976 0.3107 0.1214 0.8247 0.6555 0.6596 
15 1.1314 0.6407 0.5636 0.8127 1.0226 0.7734 
18 0.6335 0.2782 0.4813 0.8424 1.1851 0.8193 
21 1.1334 0.8035 0.8436 0.7232 1.0039 1.1156 
24 1.4855 1.1666 0.9993 1.2765 1.7137 1.4984 
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Fig. 4. Amount of soluble protein in the not toasted soybean meal, in the control and incubations with Alcalase and Flavourzyme - 
40ºC, 100 rpm and times of hydrolysis from 1 up to 24 hours 
For the toasted soybean meal, the enzymes affected the result of the extraction positively, increasing 
the amount of solubilized protein, for all the times of hydrolysis, except 12 hours. The largest amount of 
protein solubilized, in the three samples, was of, approximately, 2 g/100mL of suspension, for the samples 
incubated with the enzymes and 1.5 g/100mL for the control, in three hours of hydrolysis. The highest 
amount of solubilized protein with Flavourzyme was 2 g/100mL, in three hours of hydrolysis, and for the 
control and the incubation with Alcalase, the values were of approximately, 1.8 g/100 mL and 2.2 g/100 
mL, respectively, in eight hours. It should remember that, after eight hours of hydrolysis, the final pH of 
the suspension begins to drop more quickly, needing a larger amount of NaOH (1 mol/L) for its final 
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correction. Once the soy protein is solubilized in a basic medium, this NaOH addition can take the 
responsibility for largest values. 
Being considered three hours of hydrolysis as the optimum reaction time, the total amount of protein 
solubilized was 2.15 g/100 mL, 2.67 g/100 mL and 2.60 g/100 mL, for the control, incubation with 
Alcalase and incubation with Flavourzyme, respectively. It means that between 40 to 50% of the present 
initial protein in the toasted soybean meal was solubilized in the control, and that in the incubations with 
the enzymes those values were larger, staying between 50 and 65%. 
These results are in agreement with what was observed in previous works [6], [4]. They concluded that 
thermal treatments favor the action of enzymes, probably due to the denaturation that happens in the 
material. 
Marsman [3] worked with residues of soy crumbs no treated thermally, toasted and extruded, which 
were previously submitted to an aqueous extraction. Their results point that there is no difference in the 
solubilization of proteins by protease so much for the crumb toasted as for the not treated thermally. In 
both cases, a solubilization of 40% was registered, for a temperature of 37oC, initial pH 5,0, and 24 hours 
of hydrolysis. 
Rosenthal [6] observed that when they used integral soy flour not toasted in hydrolysis experiments 
with cellulase, hemicellulase, pectinase and protease, none of the enzymes improved the result of the 
extraction in relation to the control, that in the tested conditions (50ºC, one hour in pH 5.0 more 15 
minutes in pH 8.0), solubilized 80% of the protein. This fact would be attributed, according to the authors, 
to the very smaller speeds of hydrolysis of the soy proteins not denatured in comparison to the denatured 
substratum. 
In these experiments of hydrolysis of integral soy flour toasted, with protease, the authors extracted 
about of 65% of the protein initially present, which is similar to the obtained in this work. Nevertheless, 
that value went smaller than to extraction obtained in the material not toasted, in the same conditions, 
without using the enzyme. 
In work of Lee [7] the index of soluble nitrogen obtained after the hydrolysis of degreased soy flour 
was of 59.5%, for the sample controls (using a concentration of HCl equal to zero, for the pre-treatment). 
It is also a similar value to the found in this work, although the used conditions have been different. The 
suspensions with 21% of soybean meal, were submitted to a pre-treatment with HCl for 95ºC for one 
hour, followed by a hydrolysis with Alcalase for three hours and finally a hydrolysis with the mixture 
Alcalase and Flavourzyme for more 21 hours. Both hydrolysis was carried out pH between 6.0 and 6.2. 
Fischer [4] carried out two successive hydrolysis of four different types of degreased soybean meal: not 
heat-treated, heat-treated at high humidity, heat-treated at low humidity and commercial. These soybean 
meals were incubated (200 g of soybean meal/1800 mL water) at 40ºC and initial pH of 7,0 with a 
combination of the following enzymes: Alcalase, Flavourzyme, Energex and Biofeed-Plus, being the first 
two proteases and the last ones, carboidrases. The hydrolysis was taken place by 16 hours and the 
resulting solid was submitted to a second hydrolysis, in the same conditions. Its results showed that in all 
the cases more than 89% of the protein were solubilized, being quite superiors to the found in this work. 
These results also showed that any type of thermal treatment favors to the extraction of proteins for 
enzymes and that this varies with the presence or absence of water during the treatment. The not heat-
treated soybean meal was that presented larger amount of protein solubilized for water (67%), but, after 
the enzymatic treatment, its result was the smallest among the used soybean meals. The largest results of 
enzymatic extraction (above 92%) were obtained for the commercial and for the heat-treated at high 
humidity soybean meal. 
4. Conclusions 
A drop a little more accentuated could be observed in the final pH of the hydrolysates of not toasted 
than in the toasted soybean meal. In the three analyzed cases, control, incubation with Alcalase and with 
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Flavourzyme, the pH of the suspension of not toasted stayed between 7.0 and 6.5 for up to six hours of 
hydrolysis, falling for 6.0 in seven hours and, for larger times for values around 4.5. To the toasted 
soybean meal, also in the same three analyzed cases, the pH of the suspension stayed around 6.6 up to 
seven hours of hydrolysis, decreasing slightly in eight hours and, for longer times, it was recorded values 
around 5.0. 
In relation to the soluble proteins, it was observed that the enzymes didn't increase the amount 
extracted for the water in the not toasted soybean meal. The highest amount of protein solubilized in the 
hydrolysis period was of 2 g/100 mL of suspension, for the control, and in two hours of hydrolysis, what 
means that the total amount of protein solubilized was of approximately 3 g/100 mL (60 to 75% of the 
present initial protein). 
In the experiments using toasted soybean meal, the enzymes increased the amount of soluble protein. 
Considering that three hours is the optimum reaction time, the largest amount of protein solubilized in the 
three samples was of approximately 2 g/100 mL of suspension, for the samples incubated with the 
enzymes, and 1,5 g/100 mL, for the control. That is to say, the total amount of protein solubilized was of 
2.15, 2.67 and 2.60 g/100 mL, for the control, incubation with Alcalase and incubation with Flavourzyme, 
respectively, meaning that between 40 to 50% of the present initial protein in the toasted soybean meal it 
was solubilized in the control, and in the incubations with enzymes those values were superior, between 
50 and 65%. 
References 
[1] Bradford, M.M. 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the 
principle of protein-dye binding. Anal. Biochem., 72, 248-254. 
[2] Morais, A.A.C. & da Silva, A.L. 1996. Soja: suas aplicações. MEDSI Editora Médica e Científica. 
[3] Marsman, G.J.P., Gruppen, H., Mul, A.J. & Voragen, A.G.J. 1997. In vitro accessibility of untreated, toasted and 
extruded soybean meals for proteases and carbohydrases. J. Agric. Food Chem., 45 (10), 4088-4095. 
[4] Fischer, M., Kofod, L.V., Schols, H.A., Piersma, S.R. Gruppen, H. & Voragen, A.G.J. 2001. Enzymatic extractability of 
soybean meal proteins and carbohydrates: heat and humidity effects. J. Agric. Food Chem., 49 (9), 4463-4469. 
[5] Aaslyng, M.D., Larsen, L.M. & Nielsen, P.M. 1999. Development of chemical and sensory characteristics during 
enzymatic hydrolysis of soy. Z. Lebensm Unters Forsch A., 208, 50-56. 
[6] Rosenthal, A., Pyle, D.L., Niranjan, K., Gilmour, S. & Trinca, L. 2001. Combined effect of operational variables and 
enzyme activity on aqueous enzymatic extraction of oil and protein from soybean. Enzyme and Microbial Technology, 28, 499-509. 
[7] Lee, J.-Y., Lee, H.D. & Lee, C.-H. 2001. Characterization of hydrolisates produced by mild acid treatment and 
enzymatic hydrolysis of defated soybean flour. Food Research International, 34, 217-222. 
Presented at ICEF11 (May 22-26, 2011 - Athens, Greece) as paper FMS1176. 
